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Abstract: We report fabrication and opti-
cal properties of electrochemically depos-
ited silver nanowires into nanoporous 
alumina template. A finite element meth-
od is used to study plasmonic coupling of 
dipole emitters with the silver nanowires.  
1 Introduction: Silver nanowires 
(AgNWs) are one of the most exciting na-
nomaterial structures because of their 
unique surface plasmonic properties that 
can be directly tuned by their size and 
geometry. One of the most common and 
easiest ways for fabrication of AgNWs is 
electrochemical deposition into nanopo-
rous alumina structures. Nanoporous 
alumina can be used as a template for 
chemically grown materials, with a wide 
range of size; from few nanometres up to 
few hundred nanometres [1]. The ad-
vantage of this method is that the separa-
tion of AgNWs in this meta-material struc-
ture is less than the wavelength of visible 
light (< 400 nm). Therefore these vertical-
ly standing silver nanowires are suitable 
for energy transfer between strongly con-
fined surface plasmons and electromag-
netic radiation by near-field coupling.  
Controlled coupling of Plasmon modes 
and light has already been observed in 
AgNWs [2,3]. Moreover, porous alumina 
filled with AgNWs has shown optical neg-
ative refraction at visible frequencies [4]. 
 
2 Experimental & Results:  
Here we report an electrochemical fabri-
cation method of AgNWs in porous alu-
mina templates and experimental study of 
their structural and optical properties. 
These new meta-materials can be used 
for fabrication of bulk metamaterials with 
negative optical refraction or to couple 
single optical centres such as Nitrogen 
Vacancy (NV) in nanodiamond to the 
plasmonic modes of the silver nanowires.  
 
 
Fig. 1. SEM micrographs of (a) a top-view of silver 
nanowires fabricated by electrodeposition (cyclic 
voltammetry) into the porous alumina structure 
after chemically dissolving the alumina template, 
and (b) a side-view of silver nanowires in a porous 
alumina template. 
 
 
The silver nanowires have been grown by 
a cyclic voltammetry method which al-
lowed us to well control their length and 
diameter. The length of the nanowires 
depends on duration of electrodeposition, 
while the diameter is determined by the 
pore size of the porous alumina template. 
Structural properties of the AgNWs have 
been studied with scanning electron mi-
croscope (SEM), transmission electron 
microscopy (TEM) and Energy Dispersive 
Spectrometry (EDS). Optical properties of 
AgNWs in porous alumina templates with 
different lengths and diameters are re-
ported. 
The AAO templates were prepared by 
anodization method. Aluminium sheets 
were anodized in an acid aqueous solu-
tion. The remaining aluminium was re-
moved in CuCl2 solution and a free 
standing AAO template was obtained. A 
thin layer of gold electrode was evapo-
rated on one surface by electron beam 
evaporation method. 
 Electrochemical deposition was per-
formed in a three-electrode electrochemi-
cal cell. Ag and Pt electrodes are used as 
working and reference electrodes. The 
electrolyte is 0.01 mol/L AgNO3 aqueous 
solution. Cyclic deposition was done at 
room temperature and the potential swap 
between 0.0V to -0.6V by the rate of 
10mV/S for 40 cycles.  
Nano diamond was dispersed on one 
side of the sample.  
The optical properties and the propaga-
tion of the plasmonic waves in the silver 
nanowire will be studies.   
 
 
Fig. 2. Field distribution along a single Ag nan-
owire in alumina template. A dipole emitter is lo-
cated near one end  of the nanowire. 
 
We have also theoretically studied cou-
pling of a dipole emitter to the surface 
plasmons of silver nanowire arrays. Finite 
element method is used for computational 
simulations with commercial software 
COMSOL 4.3. In the simulation, a single 
dipole emitter source near a single silver 
nanowire in alumina template was stud-
ied. It is observed that emission from the 
dipole source is coupled as surface plas-
mon modes of silver nanowire as shown 
in figure 1. The diameter of the nanowire 
is 100nm and length of 1um. Then the 
plasmonic coupling efficiency was studied 
by varying different parameters such as 
dipole orientation with respect to the nan-
owire axis, the nanowire diameter spac-
ing, the distance between the dipole and 
the nanowire and frequency.  
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